The camphor-degrading microorganism, Pseudomonas putida strain ATCC 17453, is an aerobic, 17 gram-negative soil bacterium that uses camphor as its sole carbon and energy source. The genes 18 responsible for the catabolic degradation of camphor are encoded on the extra-chromosomal 19 CAM plasmid. A monooxygenase, cytochrome P450 cam , mediates hydroxylation of camphor to 20 5-exo-hydroxycamphor as the first and committed step in the camphor degradation pathway, 21 requiring a dioxygen molecule (O 2 ) from air. Under low O 2 levels, P450 cam catalyzes the 22 production of borneol via an unusual reduction reaction. We have previously shown that borneol 23 downregulates the expression of P450 cam . To understand the function of P450 cam and the 24 consequences of down-regulation by borneol under low O 2 conditions, we have studied 25 chemotaxis of camphor induced and non-induced P. putida strain ATCC 17453. We have tested 26 camphor, borneol, oxidized camphor metabolites and known bacterial attractants (D)-glucose, 27
The capillary assays were performed in a 96-well plate using a disposable 1 mL plastic syringe to 174 hold the chemo-effector solution (in CB buffer with 0.05% glycerol). Wells in the 96-well plate 175 contained the motile bacterial cells in chemotaxis buffer. P. putida Strain 1 was grown until mid-176 logarithmic growth phase (OD 600 of 0.6 -0.8) in 50 mL of NB media at 27 °C, 150 rpm. The 177 cells were harvested by centrifuging at 4000 × g for 3 min in a Beckmann Avanti centrifuge 178 (using a JA 25.50 rotor). The cell pellet was washed twice with chemotaxis buffer (pH 7.0) as 179 before. The washed cells were resuspended in chemotaxis buffer to an OD 600 of 0.08, to make a 180 suspension of motile bacterial cells, and this was transferred into the wells of the 96-well plate 181 (chemotaxis chamber). The chemoeffector solution (100 µL) was taken up into the needle of a 182 disposable 1 mL plastic syringe and inserted into the chemotaxis chamber containing the motile 183 cell suspension. After 30 -60 min of exposure, the exterior of the syringe was washed with the 184 chemotaxis buffer. The contents of the syringe were carefully dispensed into a 1.5 mL sterile 185 Eppendorf tube and diluted up to 200 µL using the chemotaxis buffer. The chemotactic response 186 was quantified by plating 50 µL of the diluted capillary contents onto 1.5 % NB-agar plates. The 187 plates were incubated overnight at 27 °C. On the next day, colonies were counted and the colony 188 forming units (CFU) per mL of the culture used were calculated. The experiment was performed 189 at different concentrations of chemoeffector in five replicates, to quantify the chemotactic 190 response.
191
To check for camphor diffusion out of the needle, into the well, we performed a diffusion assay.
192
Chemotaxis buffer with 1 mM camphor (200 L) was placed in the needle and clean chemotaxis 193 buffer (200 L) was placed in the wells. After 60 min at (room temperature), the contents of the 194 well were taken into a glass vial and extracted twice with chloroform (containing 7.2 µM 1-7 indanone internal standard). The organic layers were pooled, dried over anhydrous magnesium 196 sulfate and analyzed by To check for borneol or 1-phenylimidazole diffusion from the well into the needle, we set up without camphor but with Tween-20 also showed chemoattraction, which indicated that P. 297 putida was attracted towards Tween-20. We left the plates in the incubator for several days and 298 calculated the net chemoattraction towards camphor (subtracting the response to Tween-20 299 alone). However, all other responses in the in-plug assays were observed within 4 -8 h of 300 exposure of the bacteria to a chemical signal. Therefore, we decided to do a capillary assay to 301 obtain dose responses for camphor chemotaxis.
302
Chemical-in-plug assays with the strains, ATCC 17484 (naphthalene degrading catabolic 303 pathway) and ATCC 33015 (TOL plasmid, xylene metabolizing), not containing P450 cam showed 304 chemorepulsive responses, away from camphor and borneol (Table 1 and Fig S7) . This behavior 305 might be due to these strains not having the catalytic machinery (unlike P. putida, ATCC 17453) 306 to metabolize camphor. To investigate the role of P450 cam in the chemotactic ability of P. putida ATCC 17453 towards b This represents the minimal velocity at saturating inhibition (see Fig. S9 C) . 
